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ABTOp Ha AucepTauuoHHuA Tpya: Enena B. AHToHOBA

Tema Ha JaMCEpPTAUMOHHMA TpPYL: ,MoJejlHpaHe Ha CHCTeMa 3a aJanTHBHO o0y4deHHe,
H3M0JI3BaHKH CPeICTBA 32 H3KYCTBEH HHTEJIEKT

Peuensent: nou. 11 Hukomnait XHHOB

PenensusTa e nmpeacTaBeHa ChIacHo 3anoBes Ha Pektopa Ha TeXHH4YECKH YHHBEPCHTET —
Codusa Ne OXK-5.3-68 ot 15.12.2025 r. 1 1poTOKOJ 3a y4acTHE B 3aceJaHHe Ha HAy4HOTO KypH
Mo mpoleaypara 3a mpuaoOHBaHe Ha oOpaszoBaTelHaTa W Hay4YHa CTENEH ,JJOKTOP™ IO
npodecHoHanHo Hanpasienne 5.3. KoMyHMKauMOHHAa M KOMITIOTbpHAa TEXHHMKa, Hay4yHa
ClICHAIHOCT CHcTeMH C H3KYCTBEH HHTCJIEKT.

1. AKTYaJHOCT Ha pa3paboTBaHHA B JHCEPTANHOHHHUA TPYA Npod.ieM B HAYYHO H
HAYYHONPHJIOKHO OTHOIIEHHE

JlncepTaliMOHHUAT TPYA € IOCBETEH Ha pa3pa0oTBaHETO Ha ajanTHBHAa O0y4uTeNnHa
cHCTeMa, MHTerpHpama KJIacCHUeCKH IeJarorHyeck MOJIeNH, CTaTHCTHYECKH METOAH H
ChBPEMEHHHU IeHepaTHBHH €3UKOBH Mojenu ('EM). Temara e M3KIIOYMTEIHO aKTyalHa KakTo B
MeXKAyHapOAeH, Taka M B HAlUHOHATEeH KOHTEKCT. B TO3M KOHTekcT palorara momajga B
crpaternueckute HanpasieHus Ha EC 3a qururanHa tpaHcdopMalius U HHOBAlMH B 00y4eHHETO,
BKJIIOYHTENHO choTBeTcTBHE ¢ Digital Education Action Plan 2021-2027.

AKIEHTBT B H3CJICOBAHETO € IIOCTAaBEH BBPXY MOJ0OpABAHE Ha YCIEBAaeMOCTTa IO
IMCUMILUIMHATa OCHOBH HAa IIpOrpaMHpaHeTo — o00moo0pasoBareleH NpeaMeT OT YdeOHHTE
ruiaHoBe Ha pasnuuHd  crneunanHoctw OKC | 6akanaswsp” B TY-Codusa. Ilpakrrueckara
Haco4yeHocT KbM e3uka C rapaHTHpa BHcOKaTa NPHIOKHMOCT H 1o0aBeHa CTOHHOCT Ha
u3cleBaHeT0. B TO3M acmeKT aKTyaTHOCTTa Ha JAucepTaluATa € Oe3CmopHa M OTJIHYHO
apryMeHTHpaHa OT aBTopa.

2. CTeneH Ha NMO3HABAHE CLCTOSIHHETO HA MPo0/IeMa H TBOPYeCKa HHTepPNpeTanus Ha
JIUTEPATYPHHS MATepHAJ

JloKTOpaHTKaTa JeMOHCTpUpa 3aAbl004eHO M CHCTEMaTH3MpPaHO TMO3HaBaHE Ha
M3ciieBaHaTa npobaemMarika B 00acTTa Ha aAanTHBHATE O0YUHTETHH CHCTEMH W NPUIIOKEHHETO
Ha N3KYCTBEHHA MHTENEKT B oOpazoBanueTo. B ['1aBa nmbpea e pa3paboTeH noapoOeH U akTyaleH
JUTepaTypeH nperie, o0XBallan KakTo OCHOBHHTE KOHIENLHH H KOMIIOHEHTH Ha aJlallTHBHHTE
cucTeMH (Mojen Ha oOy4aeMHs, Mojell Ha obiacTtTa, o0ydHTeNeH H KOMYHHKAIHOHEH MOJEN),
TaKa U CbBPEMEHHUTE TEXHHUKH, Oa3MpaHM Ha M3KYCTBEH MHTENIEKT — OT MOAXO/AH, OCHOBAHH Ha
NpaBWIa U MAIIMHHO 00y4eHHe, 10 MEeTOAH 3a 00paboTKa Ha €CTECTBEH €3MK M TOJIEMH €3MKOBH
MOJIE]TH, W3TOJI3BAHM 3a FeHepHpaHe Ha TeCTOBO chabpxkanue. [lutupanure 110 nurepatypHu
M3TOYHMKA CBH/ETEJICTBAT 3a MHOrO J00pa OCBEIOMEHOCT OTHOCHO ChbBPEMEHHOTO ChCTOSHHE,
TeHIEHLHHTE U MPeH3BHKATeNICTBATa Npe]] MepCOHATH3UPAHOTO 0OydeHue.

Ha ocHoBara Ha TO3M aHAIH3 ca KOPEKTHO (OPMYJIHMpPaHM LENATa, 3aJa4YHTe H
M3CIIE/IOBATENICKATa XUTIOTE3a Ha Tpy/1a — pa3paboTBaHe M eKCIIEPUMEHTAIHA BATHAALMA Ha MOJEJl
3a ajanTUBHO 00ydeHHe, KOHTO NepcoHanM3uMpa y4yeOHOTO ChAbpKAaHME BB3 OCHOBA Ha
uaeHTHQUUMPAHUTE TUIOBE TIpElIKH ¥ WHIMBUAYATHHTE pe3ylITaTH Ha oO0yyaeMuTe npH
H3yuyaBaHe Ha BBBEXKIANmI0 TporpammupaHe Ha e3uka C. JluTepaTypHHAT MaTepHal e
MHTEPIpPEeTHPaH TBOPYECKH 4Ype3 HMHTerpHpaHe Ha Npoduila Ha TIpelKHTe KaTo aJalTHBEH
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ImapaMeTep H KOM6HHHpaHe Ha TeJaroru4eckd IPHHOHUIIKA C HWHXCEHEPHH pEUHICHHA 3a
AaBTOMATH3HPaHO, HO KOHTPOJIHPYEMO H3II0JI3BAHE HA TEHEPAaTUBHH MOCIIH.

3. ChoTBeTcTBHE HA H30paHATA METOAMKA HA H3CJIe/BAaHE ¢ MOCTABEHATA LeJ W 3a1a4H Ha
AHCEPTALMOHHHUA TPYA

N36panaTa MeTOIMKA HAa H3CIIEABAHE € aJeKBATHA U HAITBJIHO ChOTBETCTBA HA IIOCTaBEHATa
L7 M KOHKPETHHTE 3alady¥ Ha AUcepTauHoHHMA Tpyad. M3cnenBaHero € pealM3MpaHO KaTo
IocaeAoBaTelleH HayYHO-HHKEeHepeH LIUKBI: CHCTEeMAaTHYEeH JINTepaTypeH 0030p M KOHLENTYaIHO
Mojenupane; Gopmanu3upaHe Ha OpHTHHAIEH adanTHBeH Mozen (BKJI. MOAENH Ha o0ydyaemmus,
o0J1acTTa, aganTauusTa M TeHEPHPAHeTo); MpOoeKTHpaHe M MMIUIEMeHTallus Ha MOoJylTHa yed-
0a3upaHa CHCTEMa; MHTErpallMs Ha TCHEPAaTHMBHH €3MKOBH MOJEIH 3a Ch3[aBaHE Ha TECTOBO
ChABpKaHHE, nedUHHpaHe Ha aNropuTMH 3a npoduivpaHe Ha oOydaeMuTe M ajanrauus,
fazipaHa Ha THIIOBE TPEIIKH, H €MIIMPHYHA TpOBEpPKa upe3 KOHTPOIHPAHH EKCIIEPUMEHTH C
peanHu o0y4aeMH.

3a BanuaupaHe HA XMIIOTE3aTa Ca U3MOI3BAHH MOAXOMAIIN KOIUYECTBEHH U Ka4eCTBEHU
METO/IH: OIHCATEIHA CTATUCTHKA, ICHXOMEeTPHYEH aHAIH3 Ha TECTOBUTE 3a/1a4ui, HH(epeHIIHATHH
CTATHCTHYECKH TECTOBE (BKJI. OMCIEPCHOHEH aHAIM3 M XH-KBAaJApaT aHalW3), KAKTO MU AHKETHH
WHCTPYMEHTH 3a OLIEHKA HA BB3MPHUATHSATA H YIOBIETBOPEHOCTTA Ha cTyaeHTHTe. KoMOuHauusTa
oT ¢opmanHo MoaenMpaHe, pealHa copTyepHa peanH3allMd M CTaTHCTHYECKH 00OCHOBaHa
eMITHpPHYHA BepH(HKALNA OCHIypsABa HeoOXoQMMaTa HAJeKIAHOCT Ha pe3yNTaTHTE M TIpaBH
3aKTI0YEHHATA JJOTHYECKH U eKCIIEpUMEHTAIIHO IOAKPETNeHH.

4. KpaTka aHa/INTHYHA XapAKTEePHCTHKA HA €CTECTBOTO H OLEHKA HA 10CTOBEPHOCTTA HA
MaTepHa/ia, BbPXy KOHTO ce rpaasT NPHHOCHTE HAa JHCePTALHOHHHSA TPYA

JlucepTallMOHHUAT TPy € B 00eM OT 167 cTpaHHLH, KaTO BKIKOYBA YBOJ, YeTHPH IVIaBH 32
peliaBaHe Ha GOpPMYTHPAHHTE OCHOBHM 3aJa4H, CIMCHK HA MPHHOCHTE, CITHCHK Ha MyOnMKauunTe
MO AMCEpPTAlMATAa M CMIHCHK Ha M3noj3BaHara suteparypa. Llutupanu ca obuwo 110 suteparypHu
M3TOYHHIH, OT KouTo 107 ca Ha naTuHHLIA. PBKooMCHT € moOpe cTpykTypHpaH H oOxBaila
OCHOBHHTE €JIEMEHTH Ha CbBPEMEHHHTE aIallTHBHU CHCTEMH 32 00yueHHe — TEOPETHYHH MOJIEIH,
TEeXHOJIOTHYHA pealu3alus M eMmmnupHuHa Bepupukauusa. [lo-mony e mnpenctaBeHO KpaTko
ONMCAHHE Ha OT/ACTHHTE IJIaBH.

JIutepatypuuar o630p (I'naea 1) e mmpok, cucremaruyeH U 1odpe noabpaH. Apropkara
IEMOHCTpHpa OTIMYHA OpPHEHTAllUA B CIeIHHTE 00JacTH: HHTETHIEHTHH CHCTEMH 3a o0ydeHue;
baiiecoBu u perpecuoHHH Mmopaenu; npocnenssaHe Ha 3HaHuA (BKT, PFA); TEM u OEE;
TMelaroruyecky, MCHXOJIOTHYECKH H eTHYHH acnekTH. Oco0eHo CHITHO € Mpe/ICTaBeH pa3aenbT 3a
TUMOBE AJAaNTHBHOCT, MOJACTH Ha oOydaeMmus, Mojenu Ha obmactra M oOyueHue, 6a3upaHo Ha
rpemkd. B To3M acmekT mpenopbyBaM NpH O(QOPMIICHMETO Ha KpaHHHMsA BapHaHT HM3BECTHO
peaylupaHe Ha HAKOU ONHMcaTeNHU (PparMeHTH, 3a 1a Ce MOACHIIH Ol N0-5CHO HAYYHHUAT NPUHOC
Ha aBTOpa.

I'maBa 2 mpencraBs TeopeTHYHATa OCHOBA HAa JMCEPTAllHOHHHMA TPYHD H ChABPAKA SACHO
dbopMyTHpaH OpMTHHATIEH aBTOPCKH TIpHHOC. B Hes e pa3paboten dopmanen moaen, 6asupan Ha
yeTHpH ocHOBHU cTpyKTypH: L (Learner), D (Domain), A (Adaptation) u G (Generation). Onucanu
Ca aJIrOpHTMH 3a MNpPOCIEAsiBAHEC H AKTYaJIHM3HPAaHE Ha 3HAHHUATA Ha 06yqaeMpm, KaTto KJIH4Y0B
eJIeMEeHT € BbBeXkJaHeTo Ha NpoduI Ha TpemIKuTe KaTo caMOCTOATENeH aJalTHBEH IapaMeThp.
JIOTIBIIHUTENHO Ca MPEeANOKEHH 3aBHCHMOCTH MEXKAY H3ydaBaHaTa TeMa, HHBOTO Ha TPYAHOCT,
4ecToTaTa M THMA Ha TPEIIKMTe M MeXaHW3Ma 3a M300p Ha cieasamy 3agau. Msrpangen mo
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KOHCTPYKTHBEH H II0CJIE/IOBATENEH HAYHH, MOJIE/IBT IPEACTABIIABA OPUTHHAJIEH IPHHOC H ITOCTaBA
OCHOBHTE 3a peallM3HpaHe Ha aJlaiTHBHH CHCTEMH 3a 00y4eHHe ¢ BUCOKA aHATMTHYHA CTOMHOCT.

[naBa 3 mpencraBs peanM3anuATa Ha KOHIENMUMATA Ha JMCEPTALMOHHHA TPYA H
JIEMOHCTpHUpA IIBIHOLICHHA pa3paboTka Ha cucTeMarta. Ch3aieHa ¢ MoAylHa yed apXHTEeKTypa,
NoJKpeneHa OT sicHa cxema Ha ©a3a manHu u uHTerpaums ¢ APl wa TEM. PaspaGotenu ca
aBTOMATH3HpAHU CKPHIITOBE 3a NeHEpHpaHe Ha TeCTOBe, KaKTo ¥ Tabla 3a aHalu3 Ha HalpeabKa,
N03BONABAINY HaOII0eHHE M OlleHKa Ha oOyyaemute. [loTpeduTtenckusat unrepdeiic npenocrassa
nbiHa (YHKIMOHATHOCT KaKTO 3a CTYAEHTH, Taka M 3a mpenojaBarend. [lo To3u HauuH
Npe/cTaBeHaTa CUCTEMAa HE € MPOCTO CHMYJAIMA, a PEaTHO PEealH3HpaHO MPHIOKEHHE, KOETO
3HAYMTETHO MMOBUILABA HAYYHATa M MPHJIOXKHATA CTOWHOCT Ha JAMCEepTALHATA.

I'naBa 4 mpencraeisBa €Ha OT HaM-CHIHMTE 4YacTH Ha JAWCEPTALMOHHHA TPYHA, KaTo
JEMOHCTpPHpa peasHaTa eQEeKTHBHOCT Ha IPELIOKEHHTE MOAEIH W aaropuTMH. [IpoBenenu ca
eKCIIepIMEeHTH ChC CTYIEHTH OT HAKOJKO CIELHATHOCTH, OPraHU3UPaHU B TPH OTAEIHHU CEpHH,
BK/IIOYBANIM PbYHHM, NepHdpazupanu 1 M -renepupanu tectoBe. JlaHHHTE ca aHATH3HPaHH Ype3
ANOVA, xy-KBaJpaT TECTOBE, KAKTO U IOKA3aTeJIM 32 TPYAHOCT H AMCKPUMHHALHA Ha BRIIPOCHTE.
IIpencraBenuTe pe3ynraTH nokassar yOeauTenHa eEeKTHBHOCT Ha MPEIIOKEHHS MOAXOI Thil
KaTo: BBIpOCHTE, reHepupaHu oT WM, nemoHCTpHpaTr TpyZAHOCT M HAAEKIHOCT, CPAaBHHMA C
pPBUHHTE, a BHeJpeHaTa aJaNTHBHA JIOTHKA HAa TpelIKH BOAM [0 3HAUYMMH IOAOOpeHHSI B
yCIIEBaeMOCTTa Ha CTY/IEHTHTE.

I'napa 5 ce dokycHpa BBPXY OLEHKATa H YChBBPILICHCTBAHETO HA NPEUIOKeHHS aJallTHBEH
Mmozen. ABropkara JAedUHHMpPa METPUKH 33 TMPOU3BOAMTENHOCT, H3BLPLIBA AHAIN3 Ha
YCTOHYHMBOCTTA HA CHCTEMATa M OCBHIIECTBABA CPABHEHHE C IPYTH CBILECTBYBAIIN mIardopmu. B
JIONbIHeHHe € NpeAsokKeHa CTpaTerds 3a ONTHMH3ALHUA, HacoueHa KbM M0Z0OpsBaHE Ha
edeKkTHBHOCTTA H HAZEXKIHOCTTA Ha Mojena. PaznensT € H3KIIOUMTENIHO CHIIEH U IEMOHCTpUpa
3pSUIOCT HAa HAayYyHOTO MMCJICHE, NOIYepTaBaWKM aHAMTHYHHUS TIOAXOJ W CHUCTEMHOTO
yCBBBPLICHCTBaHE Ha pa3paboTeHaTa cHcTeMa.

5. HayyHu u/MjiH HAyYHONPHJIOKHH NPHHOCH HA AHCEPTAIHOHHHS TPYA

JIHCEepTaIMOHHHAT TPYA ChUETaBa TEOPETHYHO MOJEITHPAHE, ATOPHTMHYHH DPEICHUS H
NpaKkTHYeCKa pealu3allds Ha aJanTHBHA cHcTeMa 3a oO0yueHWe, KOeTo Mmo3Boissa aa Obaar
OTKPOEHH CJIEIHHTE IIPHHOCH:

1. Hayunu npuHoCH

1. Paspaboren e opuruHaieH ¢popManeH MoJie Ha aJalnTHBHO 00y4eHHe, MPH KOHTO THITBT
Ha JIONYCHAaTHTE TPEILKH € BBbBEIeH Karo K/IIOYOB aJalTHBEH IapameTsp; (opMmaau3HpaH €
LMKBIBT Ha aganTtauus (npoduamupane, noadop Ha chabpikaHue, oOpaTHa Bpb3Ka U aHaIH3) U ca
NpeI0kKeHH MEXaHH3MHU 33 IMHAMHYHA aKTyalu3allMsd Ha 3HaHHATa H TPELIKOBHA Mo Ha
o0y4aemus.

2. IlpennoxkeHa e QopmManHa THIOJNOTHA H OINEpalHOHAIH3ALMA Ha TPENIKHTE INpH
00y4eHHETO MO NMPOrpaMHpaHe (TEOPETHYHH, CHHTAKTHYHH M JIOTHYECKH/U3XO0HH TPELIKH), KaTO
€ TO0Ka3aHO €KCIEPHMEHTANIHO, Y€ pa3lH4YHHMTE THUNOBE IPEIIKH MMAaT pa3jiHyYHa JWHAMHKA H
oOpa3oBaTenHO BB3JCHCTBHE, KOeTo 00OCHOBaBa M3MON3BAHETO MM Karo OCHOBa 3a
TNIEpCOHAIM3MPaHa ajanTalus.

II. Hay4HO-NIpHII0KHH IIPHHOCH

3. PazpaboreHa e MeETOJOJOTMA M aNTOPMTMHYHA peaJM3alds 3a aBTOMATH3HPaHO
reHepHpaHe M aJalTUBeH IOoAOOp Ha TECTOBH 3aJadM, BKIIOYHTENHO C H3MOJI3BaHE Ha
I€HEpaTHBHH €3HKOBH MOJEJH, KAaTO Ca BBBEACHH KPHTEPHHM 3a KayecTBO, MEXaHM3MHM 3a
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CCMAaHTH4YHO (bpmrpupai{e H CTaTHCTH4YECKa OILEHKa Ha HaJeKIHOCTTa H CCI)CKTHBHOCTT& Ha
TCHEPHPAHOTO CHABPKAHHE YPE3 KOHTPOJIHPAaHH €KCIIEPUMEHTH ChC CTYACHTH.

[11. TIprokKHH IPHHOCH

4. PeanmsupaHa e ¢yHKUHOHMpamia ye0-0asHpaHa ajanTHBHA CHCTEMa C MOIYJTHA
apxuTekTypa, 6aza naHHHM, uHTepdeiich 3a oOyyaeMHM M IpemojaBaTeNM M HHCTPYMEHTH 3a
BH3yaJlHa aHAJIMTHKA M MOHHMTOPHHI HAa Hanpeabka, JAEeMOHCTpHpalla MpaKTHYecKkara
MPHIOKHUMOCT Ha TIpeUIoKeHHs MOJieT B peaiHa yueOHa cpefa.

5. MopMyIHpaHH ca NMPAaKTHYECKH HACOKH M TPHIOKHMH HHCTPYMEHTH 33 YCKOPEHO
Ch3/aBaHE, BATHIMPAHE M AHAIN3 HA TECTOBH MAaTEPHAIM, KAKTO M 3a paHHA JAMArHOCTHKA Ha
THIOBE IPEILKH U O0YYHTEIHHU 3aTPYIHEHHA, MOANOMaraly oNTHMH3aLHATa Ha NIPEMnoaBaHeTo v
OTrOBOpHATA HHTETPAIHA Ha H3KYCTBEH HHTENIEKT B 00pa3oBaTeHUA MPOIIEC.

0O60011eH0, IPHHOCHTE Ha AMCEPTALIHOHHHA TPYA Ca 3HAYHMH KAKTO 33 Pa3sBUTHETO Ha
aJalTABHATE O0YYMTEIHH CHCTEMH U MHTEJIMTEHTHUTE TeXHOJOTHH B 00pa3oBaHHETO, Taka U 3a
NpakTHKaTa — Ype3 peaM3upaH MPOTOTHN M METOAHYECKH PEIIeHHS, KOMTO Morar jga Owbaart
BHEPABaHN W HaATPaXIaHH B peanHa y4ueOHa cpena.

6. OueHka 3a cTeneHTa HAa JIHYHOTO Y4yacTHe HA JHCEpPpTAaHTa B IPHHOCHTE

OT chABPKAHMETO HAa AUCEPTALMOHHHA TPYA H MPEACTABEHHTE PE3yITaTH ce BHXKIA, ue
AMYHOTO Y4YacTHe Ha JMCepTaHTKaTa B H3CICABAHETO € ompedeldmo. Ts € aBTop Ha
KOHLENTYanHus ¥ (opMalHHsA Mojes, Ha aIrOPUTMHTE 3a ajanTauus u npoduinpaHe Ha
rpeIlKUTe, KaKTO M Ha co(TyepHaTa peanM3alyi Ha MpOTOTHNA (apXWTeKTypa, 06asa naHHH,
uHTerpaunsa Ha TEM u notpeOutencku unrepdeiicu). lucepranTkara € opraHH3Hpasa v nposesa
EeMINUPUYHHUTE M3CIEeBAHUA CbC CTYAEHTH, oOpaboTuia € JaHHUTE M € H3BeJa CTAaTHCTHYECKH
000CHOBaHH 3aK/IIOUEHHA.

[IyGnukamuuTe MO Temara, BKIIOYMTENHO CHBMECTHHTE, IOTBBPXKAABAaT aKTHBHATa M
Hay4HOM3C/eN0BaTelIcKa AeHHOCT M MOKa3BaT yMeHHs 3a paboTa B HaydeH eKHII, KaToO IPUHOCHT
¥ 0CTaBa CBHILECTBEH M MPSKO CBBP3aH ¢ TEMATHKATa Ha AMCEPTALHOHHHUSA TPYAL.

7. Ilpenenka Ha MyOIHKALHHUTE 110 AHCEPTAIIHOHHHSA TPYI

[uceprantkara € mpeactaBuna Tpu myOnukanuu (2022-2024 r.), npsako CBBp3aHH C
TEeMaTHKaTa Ha IMCEPTAllMOHHMS TPYA M MpPEACTAaBIABAlLM JIOTHUHA ampobanus Ha OTAETHH
dCIIEKTH OT HU3CJIEABAHETO.

B nepBata nybaukamus (Antonova, 2022, First ELARA Conference) e pasrinenana ponara
Ha M3KYCTBEHHS HMHTEJEKT B ChBPEMEHHOTO 00Opa3oBaHMe, C AKLEHT BbPXY MPHIOKUMOCTTA U
HHKJIy3UBHHTE acriekTH Ha MM-noanomoruaroro obyuenue. To3u Tpya aprymMeHTHpa KOHTEKCTa
¥ MOTHBaLUATA 3a H300p Ha npodneMHara o6acT, pa3BHTa B AHCEpTALHATA.

Bropara nmybnukaumsa (Antonova, Minkovska, Nakov, 2023, XXXII Mexaynapoasa
Hay4yHO-TeXHHYeCKa KOH(pepeH s ,,ABTOMaTH3aLUA Ha TUCKPETHOTO MPOU3BOICTBO) aHAIU3Upa
BIIMSHHETO Ha €MOIIHOHAIHOTO M MEHTAJHOTO ChCTOSHHE BBPXY aKaJeMH4YHaTa yCIIeBaeMOCT,
KOETO € peNeBaHTHO KbM MOJAENTHpaHeTo Ha oOydaeMuss M GaKTOpHTe, MMOATOMAraly
NnepcoHaIu3aluuATa B aJalilTHBHH CHCTEMH.

Tperata nmybnukauusa (Minkovska, Antonova, 2024, XXXIII MexayHapoaHa HaydHa
KoH(epeH1MA ,,EnekTpoHHa TeXHHKA ) pa3Iilex/]a rpaHHLaTa Mex 1y YoBelko 1 MM-renepupano
ChObpiKaHHE U € MPAKO CBHP3aHa C M3MOM3BAaHETO H OIIEHKAaTa Ha NeHepaTHBHU €3UKOBH MOJENH
TIPY Ch3JaBaHe Ha y4eOHO ChabpIKAHHE.
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[TyOnukauuMuTe OuYepTaBaT [OC/IEeJOBATEHA H3CIEJOBATEICKA JIMHHUA M IOJKPENsT
KJII0YOBH TEMH OT JCEpTalUATa — KOHLETITyaTHaTa paMKa 3a IpHJIaraHe Ha U3KyCTBEH HHTENIEKT
B oOpasoBanuero, akTopuTe TnpH MoneaHpaHe Ha oO0ydaeMHs W BBIPOCHTE 3a
BauaHOCT/Tpanu Ha MU-reHepupanoro ceaspxkaHue. OTYETIIMBO € BOACLIOTO y4acTHE Ha
NOKTOpaHTKaTa (caMocTosATeNHa NyOnMKanMs M NyOnHKalMs ¢ OBPBO aBTOPCTBO), KOETO
CBH/ETEJICTBA 3a CHIIECTBEH JIMYeH IIPHHOC B pa3pabOTBAHETO HA TeMaTHKATa.

8. H3no3Bane Ha Pe3yATATHTE OT JHCEPTALITHOHHHUA TPYA B HAy4YHaTa H COlHAJTHATA
NpaKTHKA

Pesynratute oT qHcepTalIMOHHMA TPY/ UMAT PeajleH MOTEHIMAN 3a BHEPABaHE B y4eOHH A
NPOLIEC U Ca NPAKO MPHIOKUMH B KYPCOBE 110 BBBEKIALI0 IPOrpaMHpaHe (H CXOIHH OHCLHILUTHHH
C BHCOKA CTEINEH Ha 3aTPYIAHEHHS NpH CTYAEHTHTE). PaspaboTeHHAT MPOTOTHIT MpEACTaBIsABaA
paborema yeb-6azupana cuctema, KOATO MOXKe J1a MOANOMOrHe NPenogaBaTe/IuTe Ype3 YCKOPEHO
U KOHTPOJIMPYEMO TIeHepupaHe Ha TecroBe (BKJI. ¢ mnomomra Ha I'EM), aBromarmsupaHo
npociefsBaHe Ha 3HAHWATA M THIMYHHTE TPENIKH M TPENOCTaBsiHE Ha aHAIMTHYHHM Tabna 3a
HaOmoneHne Ha Hampenbka. B HayueH acmekT, AedHHHpaHHTE MOJE/H, JaHHH M aHAJIMTHYHH
CKpHIITOBE Ch3JaBaT 0a3a 3a Bb3IIPOM3BOAMMH TNOCIIEABAILH U3CIEABAHHA U CPABHUTEIHH OLIEHKH
HA AIFOPHUTMH M TEHEPATHBHH MoJAenH. [Ipe/UIoKeHHTE HACOKH 3a €THYHO M IPO3payHo
M3M0/13BAHE HA M3KYCTBEHHS HHTENIEKT JONPHHACAT M 3a COLHAlHaTa IPaKTHKa, Thi KarTo
aJipecupar K/IIOYOBH BBIIPOCH KaTo 3alllUTa Ha JAaHHHTE, JOBEPHE W KOHTPOJ Ha KauyecTBOTO Ha
TEHEPHPAHOTO ChAbPKaHHE.

9. OueHkKa Ha CHOTBETCTBHETO HA aBTOpedepaTa ¢ H3IMCKBAHHATA 32 H3TOTBAHETO MY,
KAKTO H Ha a/IeKBATHOCTTA HA 0TPa3siBaHe HA OCHOBHHTE I0JIOKeHHS H NPHHOCHTE Ha
JAMCEPTALHMATA

ABTOpedepaThT € M3rOTBEH B CHOTBETCTBHE C OOLIOMPHETHTE M3HCKBAHUA 3a TO3H THI
Hay4yeH JOKYMEHT. B Hero ca mpeacTaBeHH B CHHTE3HpPaH BHI aKTyaJTHOCTTA Ha TeMara, LejiTa 1
3a/layuTe Ha M3CJIE[BAHETO, W3MOJI3BAaHMTE METOJAH, CTPYKTypaTa Ha JHCepTAllHOHHHS TPy,
OCHOBHUTE Hay4YHH pe3ylTaTH H (opMyaupaHuTe npHHOCH. OTpa3eHH ca H MyONIHKalMHTE,
CBBP3aHH C JUCEPTALMOHHUS TpyA. B TO3M KOHTEKCT aBTOpe(epaThT aJeKBaTHO MpEACTaBs
OCHOBHHTE TNOJIOKCHHA Ha JUCEPTAlUATA M JaBa sCHA MPEACTaBa 3a HaydyHaTa M MPHIIOJKHATA
CTOMHOCT Ha MOJIyYEHUTE Pe3yITaTH.

10. MHenus, npenopbKH U OeIeKKH

KbM npencraBeHus Tpya Morar na Obaar QopMymupaHH cleqHHTe 3a0esleKKH H
IPENOPBKH:

1. Ha MecTa H3J105K€HHETO € CHITHO JETaiIIHO M OITUCATeIHO, KOETO € Hall'bJIHO pa3dupaeMo
C OrJie] MIMpOTaTa Ha pasriexknaHata npobinemaruka. B Obnemm paspaborku 6u morno na ce
OoOMHCIIH ONBIHUTEIHO pPEeAyLHpaHe Ha OTIAEHH IMOBTOPEHHS H MO-ACHO (OKYCHpPAaHE BHPXY
K/IFOYOBUTE PE3YNTATH, C L)l OLle MO-TojisiMa Hay4YHa CTerHATOCT.

2. GopManH3NpaHUAT MOJIEN € SICEH, MocieloBaTeNeH H GyHKIHOHANHO obocHoBaH. Kato
BB3MOXHA Hacoka 3a ObJenio HaarpakaaHe MOXeE Ja Ce MOCOYH M3IOJI3BAaHETO Ha MO-CTPOTH
BEPOATHOCTHH WJIH CTOXacTHYHH hopmanu3anuu (Harnp. MapKOBCKH MPOLECH HIIH BEPOATHOCTHH
rpad)oBH MOJIETH), KOETO O Pa3LIHPUIIO AHATHTHYHHTE BE3MOKHOCTH Ha MPEUI0KEHHS MOIX 0.

3. bu Ouno mone3HO NpeMIOKEHHAT MOoAXod Ja ObAe HM3MUTAaH W B ApPYru y4yeOHM
IOMCLHUIUIHHY (Hamp. MaTeMaTHKa, eJIeKTPOTeXHHKA), 3a JIa Ce OLEHH HeropaTa IPHUIIOKHUMOCT H B
Ipyrd (QyHIaMeHTamHH OONacTH, B KOHTO TpaJHIMOHHO ce HadIIoJaBaT 3aTpyAHEHHs IIpH
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YCBOsIBaHETO Ha 0a30BM KOHLENIMH. B Ta3u Bpb3ka MOXKe J1a C€ YTOYHH U KOH XapaKTepHCTHKH Ha
AUCHMIUTHHATA (a0CTPaKTHOCT, CHMBOJIEH amapar, TUIIOBE 3aJa4H) ca KpHTHYHH 3a e()eKTHBHOCTTa
Ha 1o/xo/a.

5. AHamM3BT MOJKe Ja ce paslIHpH C MOJENH, CBbP3aHH C ABITOCPOYHOTO 3aAbpiKaHe Ha
3HaHWA — Hanp. KPHUBH Ha 3ara3BaHe/3a0paBsHe, BKIIOYMTEIHO MPOCIEIABAHE UPE3 OTIIOKEHH
TecToBe (cnea 2—4 cenmuum/caen ceMectsp). IlonodHo pasmmpenne OH 1ano no-mbjHa KapTHHA
Jlany noo0peHNeTo e yCTOHYHBO, a HE CaMO KpaTKOCPOYHO.

6. B Opmema paGota Om Ommo monesHo Aa ce BKJINOYH CPaBHEHHE MeEXIY pa3IHuHH
resepatuBHl Mozenu (GPT, Gemini, LLaMA u np.), 1pM CBIOCTaBHMH YCioBMA. Tosa OM
oboraTrio eKcnepUMEHTaTHaTa 4acT U OH MO3BOIMIO H3BOOM OTHOCHO CTaOMIIHOCT, TOYHOCT,
CKJIOHHOCT KBbM ,,XaJIIOIIMHALUK, KAKTO ¥ ChOTHOLUEHHE edeKT—pecypc.

11. 3akarodyeHnue

CJ'IC,E[ 3daII03HaBaHEe C HPELECTEI.BCHHTC JOKYMEHTH U JHUCEPTALHOHHHA TPYA Ha Mar. HHX.
Enena BeniecnaBoBa AHTOHOBa Ha TeMa ,MoJenupaHe Ha CHCTeMa 3a aJIaliTHBHO oOydeHHe,
M3MOI3BAHKH CPe/ICTBA 33 U3KYCTBEH MHTENIEKT™, KAKTO H ChC CBABPIKALIMTE CE€ B HETO Hay4HH,
HAYYHO-NIPUJIOKHH M NIPUJIOKHH MPHUHOCH, CUHTaM, Y€ TPYABT € B aKTyaJHa HaydHa o0nacT u
JEMOHCTpPHpa CMOCOOHOCT 3a CaMOCTOATENHO TPOBEKAAHE HA M3CJIEBaHHA M PEIIaBaHE Ha
KOMIIJIEKCHH MH)KEHEPHH 3a/1a4H.

IlpeacraBeHuTe MaTepHalH yAOBIETBOPABAT H3HCKBAHMATA HA 3aKOHA 3a Pa3BUTHETO Ha
akaJleMU4Hus cheTaB B Pemybinka bearapus, [IpaBuinnka 3a HEroBoTO NPHJIAraHe v BbTPELIHUTE
HOPMAaTHBHHM HM3WCKBaHMsi Ha TexHudecku yHuBepcuTeT — Codus 3a npuaobuBaHe Ha
oOpa3oBarenHaTa U Hay4yHa CTEIeH ,,JJOKTOP®.

Bcuuko ToBa MM aBa OCHOBAHHE /14 1aM NOJIOKHTEIHA OLEHKA Ha JMCEPTALHOHHHS TPy
M Ja NpeUoka Ha yBa)kaeMOTO Hay4yHO KYpH [Ja MpHCHAM oOpa3oBaTelHaTa U HayyHa CTENEH
,»JJOKTOp“ Ha Mar. uHxk. Enena BeHnecnaBoBa AHTOHOBa B 0071aCT Ha BHCIIETO 0Opa3oBaHHE 5.
TexnudeckH Hayku, npodecHoHanHo HampasieHue 5.3. KoMyHMKalMOHHa M KOMIIOTBpHa
TeXHHKa, HayyHa crieianHocT CHCTEMH ¢ U3KYCTBEH HHTENEKT.

W3roTBun peueH3usTa:
/mout. Hukomnait XMUHOB/

6|Page



REVIEW
of a dissertation submitted for the acquisition of the educational and scientific degree “Doctor”
Author of the dissertation: Elena V. Antonova

Title of the dissertation: “Modeling an Adaptive Learning System Using Artificial Intelligence
Methods”

Reviewer: Assoc. Prof. DSc. Nikolay Hinov

The review is prepared in accordance with Order of the Rector of the Technical University
of Sofia No. OXK-5.3-68 of 15.12.2025 and the protocol for participation in the meeting of the
Scientific Jury under the procedure for awarding the educational and scientific degree “Doctor” in
the professional field 5.3. Communication and Computer Engineering, scientific specialty
“Systems with Artificial Intelligence”.

1. Relevance of the problem addressed in the dissertation in scientific and applied terms

The dissertation is devoted to the development of an adaptive learning system integrating
classical pedagogical models, statistical methods, and contemporary generative language models
(GLMs). The topic is highly relevant both in international and national contexts. In this regard, the
research aligns with the strategic priorities of the European Union for digital transformation and
innovation in education, including compliance with the Digital Education Action Plan 2021-2027.

The research focuses on improving student performance in the discipline “Introduction to
Programming”, a general foundational subject included in the curricula of various Bachelor’s
degree programs at the Technical University of Sofia. The practical orientation toward the C
programming language ensures high applicability and added value of the research. In this respect,
the relevance of the dissertation is unquestionable and convincingly justified by the author.

2. Degree of knowledge of the state of the problem and creative interpretation of the
literature

The doctoral candidate demonstrates in-depth and systematic knowledge of the researched
problem area in adaptive learning systems and the application of artificial intelligence in education.
Chapter One presents a comprehensive and up-to-date literature review covering both the core
concepts and components of adaptive learning systems (learner model, domain model, instructional
and communication models) and contemporary Al-based techniques—ranging from rule-based
approaches and machine learning to natural language processing methods and large language
models used for test content generation. The cited 110 bibliographic sources testify to a very high
level of awareness of the current state, trends, and challenges in personalized learning.

Based on this analysis, the objectives, tasks, and research hypothesis of the dissertation are
correctly formulated—namely, the development and experimental validation of an adaptive
learning model that personalizes educational content according to identified error types and
individual learner performance in introductory programming in the C language. The literature is
creatively interpreted through the integration of an error profile as an adaptive parameter and the
combination of pedagogical principles with engineering solutions for automated yet controlled use
of generative models.
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3. Compliance of the selected research methodology with the set goals and objectives of the
dissertation

The selected research methodology is appropriate and fully consistent with the stated goals
and specific objectives of the dissertation. The research is conducted as a coherent scientific-
engineering cycle, including systematic literature review and conceptual modeling; formalization
of an original adaptive model (learner, domain, adaptation, and generation models); design and
implementation of a modular web-based system; integration of generative language models for test
content creation; definition of algorithms for learner profiling and error-based adaptation; and
empirical validation through controlled experiments with real learners.

To validate the research hypothesis, suitable quantitative and qualitative methods are
applied, including descriptive statistics, psychometric analysis of test items, inferential statistical
tests (including analysis of variance and chi-square tests), and survey instruments for assessing
student perceptions and satisfaction. The combination of formal modeling, real software
implementation, and statistically grounded empirical validation ensures the reliability of the results
and supports the conclusions both logically and experimentally.

4, Brief analytical characterization of the nature and reliability of the material on which the
contributions of the dissertation are based

The dissertation is 167 pages long and includes an introduction, four chapters to address
the formulated main tasks, a list of contributions, a list of publications on the dissertation and a list
of used literature. A total of 110 literary sources are cited, of which 107 are in Latin. The manuscript
is well structured and covers the main elements of modern adaptive learning systems - theoretical
models, technological implementation and empirical verification. Below is a brief description of
the individual chapters.

Chapter 1 provides a broad, systematic, and well-selected literature review. The author
demonstrates excellent familiarity with intelligent tutoring systems, Bayesian and regression
models, knowledge tracing (BKT, PFA), generative language models and open educational
environments, as well as pedagogical, psychological, and ethical aspects. Particularly strong is the
discussion of adaptivity types, learner models, domain models, and error-based learning. In this
respect, a moderate reduction of some descriptive sections in the final version could further
emphasize the scientific contribution.

Chapter 2 presents the theoretical foundation of the dissertation and contains a clearly
articulated original contribution. A formal model based on four core structures—L (Learner), D
(Domain), A (Adaptation), and G (Generation)—is developed. Algorithms for tracking and
updating learner knowledge are proposed, with the introduction of an error profile as an
independent adaptive parameter as a key element. Additional dependencies are defined between
learning topics, difficulty level, error frequency and type, and the mechanism for selecting
subsequent tasks. The model is constructed in a consistent and systematic manner and provides a
solid foundation for adaptive learning systems with high analytical value.

Chapter 3 presents the implementation of the proposed concept and demonstrates a fully
developed system. A modular web-based architecture is created, supported by a clear database
schema and integration with generative language model APIs. Automated scripts for test generation
and dashboards for monitoring learner progress are implemented. The user interface offers full
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functionality for both students and instructors. As a result, the system is not merely a simulation
but a fully operational application, significantly enhancing the scientific and applied value of the
dissertation.

Chapter 4 is one of the strongest parts of the dissertation, clearly demonstrating the real
effectiveness of the proposed models and algorithms. Experiments were conducted with students
from several academic programs, organized into three separate series involving manually created,
paraphrased, and Al-generated tests. The data were analyzed using ANOVA, chi-square tests, and
item difficulty and discrimination indices. The results convincingly demonstrate the effectiveness
of the proposed approach, as Al-generated questions exhibit difficulty and reliability comparable
to manually created ones, while the error-based adaptive logic leads to statistically significant
improvements in student performance.

Chapter 5 focuses on the evaluation and refinement of the proposed adaptive model. The
author defines performance metrics, analyzes system robustness, and compares the system with
existing platforms. In addition, an optimization strategy aimed at improving efficiency and
reliability is proposed. This chapter demonstrates scientific maturity and a systematic analytical
approach to improving the developed system.

5. Scientific and/or applied scientific contributions of the dissertation

The dissertation combines theoretical modeling, algorithmic solutions, and practical
implementation of an adaptive learning system, allowing the identification of the following
contributions:

L Scientific contributions

1. An original formal adaptive learning model is developed, in which the type of learner errors
is introduced as a key adaptive parameter; the adaptation cycle (profiling, content selection,
feedback, and analysis) is formalized, and mechanisms for dynamic updating of learner knowledge
and error profiles are proposed.

2. A formal typology and operationalization of errors in programming education (theoretical,
syntactic, and logical/output errors) are proposed, and it is experimentally demonstrated that
different error types exhibit distinct dynamics and educational impact, justifying their use as a basis
for personalized adaptation.

I1. Applied scientific contributions

3. A methodology and algorithmic implementation for automated generation and adaptive
selection of test tasks are developed, including the use of generative language models, introducing
quality criteria, semantic filtering mechanisms, and statistical evaluation of the reliability and
effectiveness of generated content through controlled student experiments.

I1I. Applied contributions

4. A functional web-based adaptive system is implemented, featuring a modular
architecture, database, learner and instructor interfaces, and tools for visual analytics and progress
monitoring, demonstrating the practical applicability of the proposed model in a real educational
environment.

5. Practical guidelines and applicable tools are formulated for accelerated creation,
validation, and analysis of test materials, as well as for early diagnosis of error types and learning
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difficulties, supporting optimization of teaching practices and responsible integration of artificial
intelligence in education.

Overall, the contributions of the dissertation are significant both for the development of
adaptive learning systems and intelligent educational technologies and for practice, through an
implemented prototype and methodological solutions suitable for deployment and further
enhancement in real learning environments.

6. Assessment of the degree of personal contribution of the doctoral candidate

Based on the content of the dissertation and the presented results, it is evident that the
personal contribution of the doctoral candidate is substantial and decisive. She is the author of the
conceptual and formal model, the error-based adaptation and profiling algorithms, and the software
implementation of the prototype (architecture, database, integration of generative language models,
and user interfaces). The doctoral candidate organized and conducted the empirical studies with
students, processed the data, and derived statistically grounded conclusions.

The related publications, including co-authored works, confirm her active research
engagement and ability to work in a scientific team, while her contribution remains substantial and
directly related to the dissertation topic.

7. Assessment of publications related to the dissertation

The doctoral candidate has presented three publications (2022-2024) directly related to the
topic of the dissertation and representing logical validation of individual aspects of the research.

The first publication (Antonova, 2022, First ELARA Conference) examines the role of
artificial intelligence in contemporary education, with an emphasis on applicability and inclusivity
in Al-supported learning. This work provides the contextual and motivational foundation for the
research area developed in the dissertation.

The second publication (Antonova, Minkovska, Nakov, 2023, 32nd International Scientific
and Technical Conference “Automation of Discrete Production”) analyzes the influence of
emotional and mental states on academic performance, which is relevant to learner modeling and
personalization factors in adaptive systems.

The third publication (Minkovska, Antonova, 2024, 33rd International Scientific
Conference “Electronics”) explores the boundary between human- and Al-generated content and
is directly related to the use and evaluation of generative language models for educational content
creation.

The publications outline a consistent research trajectory and support key themes of the
dissertation—the conceptual framework for applying artificial intelligence in education, learner
modeling factors, and issues of validity and limitations of Al-generated content. The doctoral
candidate’s leading role is clearly evident (one single-authored publication and first authorship in
co-authored work), demonstrating a substantial personal contribution.

8. Use of the results of the dissertation in scientific and social practice

The results of the dissertation have real potential for implementation in the educational
process and are directly applicable in introductory programming courses and similar disciplines
characterized by high student difficulty rates. The developed prototype represents a functioning
web-based system that can support instructors through accelerated and controlled test generation
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(including with GLMs), automated knowledge and error tracking, and analytical dashboards for
monitoring learner progress.

From a scientific perspective, the defined models, datasets, and analytical scripts provide a
basis for reproducible follow-up studies and comparative evaluation of algorithms and generative
models. The proposed guidelines for ethical and transparent use of artificial intelligence also
contribute to social practice by addressing key issues such as data protection, trust, and quality
control of generated content.

9. Assessment of compliance of the abstract with preparation requirements and adequacy
of reflecting the main contributions of the dissertation

The abstract is prepared in accordance with the generally accepted requirements for this
type of scientific document. It presents in a synthesized form the relevance of the topic, research
objectives and tasks, applied methods, structure of the dissertation, main scientific results, and
formulated contributions. The publications related to the dissertation are also reflected. In this
respect, the abstract adequately represents the main points of the dissertation and provides a clear
overview of the scientific and applied value of the obtained results.

10. Opinions, recommendations, and remarks

The following remarks and recommendations are formulated with the aim of further
refinement and development of the dissertation:

1. In some places, the exposition is highly detailed and descriptive, which is understandable
given the breadth of the topic. In future work, further reduction of repetitions and clearer focus on
key results could enhance scientific conciseness.

2. The formalized model is clear, consistent, and functionally well justified. As a possible
direction for future extension, the use of more rigorous probabilistic or stochastic formalisms (e.g.,
Markov processes or probabilistic graphical models) could be considered to expand analytical
capabilities.

3. Validation of the proposed approach in other academic disciplines (e.g., mathematics,
electrical engineering) would be beneficial to assess applicability in other foundational areas where
students traditionally face learning difficulties.

4. The analysis could be extended with models addressing long-term knowledge retention,
such as retention/forgetting curves and delayed post-tests.

5. Future research could include comparative evaluation of different generative language
models (e.g., GPT, Gemini, LLaMA) under comparable conditions, enriching the experimental
component.

These remarks do not diminish the merits of the dissertation but rather indicate
opportunities for its further development.

11. Conclusion

After reviewing the submitted documents and the dissertation entitled “Modeling an
Adaptive Learning System Using Artificial Intelligence Methods” by MSc. Eng. Elena
Ventseslavova Antonova, as well as the scientific, applied scientific, and applied contributions
contained therein, I conclude that the work addresses a current scientific field and demonstrates the
ability for independent research and solution of complex engineering problems.
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The submitted materials meet the requirements of the Act on the Development of the
Academic Staff in the Republic of Bulgaria, its implementing regulations, and the internal
regulations of the Technical University of Sofia for awarding the educational and scientific degree
“Doctor™.

On this basis, I give a positive assessment of the dissertation and propose that the esteemed
Scientific Jury award the educational and scientific degree “Doctor” to MSc. Eng. Elena
Ventseslavova Antonova in the field of higher education 5. Technical Sciences, professional field
5.3. Communication and Computer Engineering, scientific specialty “Systems with Artificial
Intelligence”.

Prepared by:
Assoc. Prof. DSc. Nikolay Hinov
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